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Abstract
Geoecoprotective properties of the binder system are discussed in the paper. The base of such properties is detoxication of environment from 
heavy metal ions by means of reactions with silicate and sulphate calcium. Thermodynamic analysis of the systems has shown that  reactions of 
heavy metal ions (HMI) with certain building materials provides reduction of Gibbs energy value comparing to hydration reactions without 
HMI. Detoxicating systems were named mineral geoantidotes (MGA). Estimations of the detoxication processes and application examples are 
given.
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1. Introduction
The intoxication of the environment by heavy metal ions is the very serious ecological problem. In this paper the utilization of 
concrete for such purpose is considered.  The point is usage of cement articles for the detoxication of environment from heavy
metal ions. It is important to use concrete construction not only for the bulging purposes but for cleaning environment as well. 
Since concrete has capillary and pores, water with heavy metal ions can be absorbed and then it is possible, according to 
thermodynamic calculations, for the reactions between calcium silicate and calcium silicate hydrates to take place.
In a number of works it was shown that heavy metal ions may be absorbed by cement and demolished concrete [1-22]. 
Geoecoprotective properties of cement and concrete depend on two factors, the first is the stone structure and capillary pores and 
the second is the stone nature. In this paper we consider thermodynamic aspect of the detoxication processes, which depends on
the material nature, and examine utilization of mineral binder systems for the detoxication application.
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2. Experiment, results and discussion
In the work [18] the detoxicating systems of heavy metal ions were named mineral geoantidotes (MGa). Such kind of system 
may be formed by means of detoxicating reactions of formation of silicates, phosphates or sulphates of heavy metals and other
substances with very small solubility. 
Table 1. Thermodynamic analyses of calcium silicate reactions
Detoxication from ion Reaction
Gibbs energy of the 
reaction 
ǻGଶଽ଼ ଴ [ kJ] 
Solubility product of 
heavy metal hydroxides
No 
(only hydration 
reaction)
&D2Â6L2+2ĺ&D2Â6L2ā+2 -10.0 –
Cd2+ &D2Â6L2&GDT2+-DT+2ĺ&D2Â6L2ā+2+ Cd(OH)2 -93.3 Â-15
Pb2+ &D2Â6L23EDT2+-DT+2ĺ&D2Â6L2ā+23E2+ -91.5 Â-20
No
(only hydration 
reaction)
&D2Â6L2+2ĺ&D2Â6L2ā+2&D2+ -81.9 NA
Cd2+ &D2Â6L2&GDT2+-DT+2ĺ&D2Â6L2ā+2&D2+&G2+ -165.0 Â-15
Pb2+ &D2Â6L23EDT2+-DT+2ĺ&D2Â6L2ā+2&D2+3E2+ -163.3 Â-20
The parameter which is used in chemistry to predict possibility of any chemical reaction is  Gibbs energy [23, 24]. If it is 
negative, then reaction is possible. The larger is its absolute value, the more reaction is shifted towards products, that means more 
initial reagents are spent to form more product. We may consider then heavy metal ions as one of initial reagents and use Gibbs 
energy to estimate if their participation in reaction increases absolute value of Gibbs energy. If so, hydration with participation of 
HMI shifts reaction towards products comparing to reaction without HMI and thus HMI will participate in reaction and form non-
soluble products which will be bind in concrete. Thus HMI will be removed from water providing detoxication effect. 
,QWKHWDEOHWKHUHDUHVRPHH[DPSOHVRIWKHUPRG\QDPLFFDOFXODWLRQVRI*LEEVHQHUJLHVǻGଶଽ଼ ଴ for the several materials used 
IRUWKHGHWR[LFDWLRQIURPKHDY\PHWDOLRQV)LUVWURZLQWKHWDEOHJLYHV*LEEVHQHUJ\RI&D2Â6L2K\GUDWLRQUHDFWLRQZLWKRXW
SDUWLFLSDWLRQRIDQ\+0,V,WVFDOFXODWHG*LEEVHQHUJ\ǻGଶଽ଼ ଴ = -10.0 kJ. If same reaction takes place in the presence of Cd2+ 
LRQV WKHQǻGଶଽ଼ ଴ absolute value increases one order of magnitude to -93.3 kJ. Thus Cd2+ ions will be bound into very low 
VROXELOLW\SURGXFWVHHGDWDRIODVWFROXPQLQWKHWDEOH,QFDVHRI3ELRQVVDPHLQFUHDVHRIǻGଶଽ଼ ଴ absolute value is observed 
and product even less soluble. 
/DVWWKUHHURZVLQWKHWDEOHVKRZVVDPHGDWDIRUWKHUHDFWLRQVRI&D2Â6L2K\GUDWLRQ7KXVWKHJHQHUDOFRQFOXVLRQIURPWKH
table 1 is that reactions with HMIs will be very active and very low solubility substances will be formed so water will be cleaned 
from heavy metal ions and products of reactions with HMIs will be very stable in time and ions will not leach out of materials 
used in reactions. 
Calculations were also done for the 2CaSO4·0.5H2O, 5CD2Â6L2Â+2 DQG RWKHU FRQVWLWXHQWV RI FOLQNHU DQG FRQFUHWH
stones with similar results as in the table 1. So it was expected that clinker and concrete stones will show high capacities to 
accumulate HMI by corresponding reactions. 
To check the above considerations the following experiment was done to measure heavy metal ion accumulating properties of 
materials. The sieved demolished concrete or clinker minerals powders were used with particle size less than 0.114 mm. Powders 
were placed in the vertical JODVVFROXPQDQGZDWHUVROXWLRQVFRQWDLQLQJKHDY\PHWDOLRQVZLWKVWDUWLQJFRQFHQWUDWLRQɋVWDUWZHUH
filtered through the column, Fig. 1.
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Fig. 1. View of setup of measurement of HMI accumulating properties of materials: 1 – starting heavy metal ions solution; 2 – calcium silicates, calcium silicate 
hydrates (clinker minerals, demolished concrete) and other studied powders; 3 – final heavy metal ions solution
After filtering, final concentrations of heavy metal ions in filtered water Cfinal was measured. Absorbing capacities of the 
powders then were calculated according to the equation:
a = (ɋstart. – ɋfinal ) * V/ m, (1)
ZKHUHɚ– absorbiring capDFLW\PJJɋVWDUW– VWDUWLQJFRQFHQWUDWLRQRIWKHKHDY\PHWDOLRQVPRGHOVROXWLRQPJOɋILQDO–
final concentration of the heavy metal ions model solution, mg/l; V – volume of used water solution, l; m – weight of used 
powder, g.
Quantative measurements of the capacities of several components of cement and concrete dispersions to detoxicate water from 
heavy metal ions proved the above considerations. From the Fig. 1 one cans clearly see that after filtering through powders water 
become significantly less polluted. Data in tables 2 – 5 show capacity of several minerals, cement and concrete dispersions to 
accumulate heavy metal ions from water solutions contacted with them. One can see that several milligrams of heavy metal ions
may be accumulated by 1 gram of mineral, cement or milled concrete.
According to our results it is possible to understand that not only cement and concrete dispersions but also articles made from 
concrete mast have detoxicating properties.
For the experiment were used articles of heavy concrete with dimentions 100*100*100 mm, 40*40*16 mm, as well as Pb(II) 
and Cd(II) water solutions. Concrete articles were sunk into solution, exposition time was 24 hours. After that, solutions were 
examined. According to the table 4 one can see quantative values of detoxication capacity of the articles, starting concentrations 
of solutions were 0.01 mmol/l. So the concrete articles may be used for detoxication from heavy metal ions and that is why 
concrete article can be named mineral geoantidotes (MGa), as well as concrete dispersions.
Finally table 5 shows ability wastes of foam concrete production to accumulate heavy metal ions. 
Table 2. Geoecoprotective properties of the minerals, cement and concrete dispersions
Material
Static capacity [mg/g]
Cu(II) Cd(II) Fe(II) Mn(II) Ni(II) Cr(II)
C2S (2CaO·SiO2) 3.4 3.5 3.5 3.5 2.5 3.5
C3S (3CaO·Al2O3) 4.6 4.6 4.8 4.6 3.5 4.8
ɋȺ (3CaO·Al2O3) 4.0 4.2 4.4 4.0 3.5 4.4
C4AF (4CaO·Al2O3· Fe2O3) 3.5 3.6 3.8 3.6 2.6 3.6
&OLQNHUɋɚɈ6L2
ȺOɈ)ɟ2DGPL[WXUHV 3.4 3.4 3.5 3.4 2.6 3.3
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&HPHQWɆ' 3.4 3.4 3.4 3.4 3.0 3.4
Concrete dispersions 1.1 1.2 1.3 1.1 1.0 1.2
Slag 1.0 1.0 1.2 1.2 0.9 0.9
Table 3. Geoecoprotective properties of building materials
Sulphates calcium
Static capacities [mg/g]
Pb(II) Ba(II)
Phosphogypsa 1.51 1.29
Foamgypsa 0.85 1.33
CaSO4 1.17 1.30
&D62Â+2 1.52 1.31
&D62Â+2 0.86 1.33
Table 4. Detoxicating activity of concrete
Concrete. class Detoxicating activity
[mg/kg] [mg/m2] [g/m3]
Cd(II) Pb(II) Cd(II) Pb(II) Cd(II) Pb(II)
B15 7.175 17.69 271.47 689.72 16.29 41.38
B25 7.12 14.50 288.43 568.00 17.31 34.08
B40 6.36 17.32 254.5 689.72 15.27 41.38
3. Conclusions
1. Binder systems have geoecoprotective properties against heavy metal ions according to thermodynamic analyses.
2. Experiments have shown the ability to detoxicate water solutions from heavy metal ions using dispersions and articles 
consisting of calcium silicate, calcium hydrosilicate and calcium sulphate substances.
Table 5. Geoecoprotective properties of the foam concrete wastes
Heave metal ions
Foam concrete density [g/m3]
300 500 700
Absorbtion of heavy metal ions [mg/g]
Mn (II) 2.35 2.34 2.35
Fe (II) 2.76 2.76 2.76
Ni (II) 2.23 2.14 2.12
Cu (II) 2.25 2.24 2.25
Cr (III) 2.25 2.25 2.24
Cd (II) 2.55 2.54 2.53
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